PREFACE 


This solutions manual was made available when An Introduction to Mechanics was 
published but it soon went out of print. Nevertheless, a number of copies have been 
circulated privately and over the years some errors have been discovered. We have 
corrected all the errors that have come to our attention. A word of caution: These 
solutions are often terse, more terse that we would provide today. In the Second Edition 
of our book, which is under preparation, we plan to provide solutions in a more 
discursive style. 

We thank Gilbert Hawkins for preparing the original solutions. 

Daniel Kleppner 
Robert J. Kolenkow 

March, 2010 
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.In "fcke atccejerat iny sifsiem^ tt<*. p-enc/o/vm «S*tarts to 
t»n an eP fcc tnve Field =* V-t- a^** Prom an im*fi*«/ anyo/ar 

displacement ^ “ axe tan ^ _Tp t/« e/Pect-iv'e /enyt/ ep 
tlie fipui Va./-eni Simple pthi/u/uvn »S ane^ I if fnaW Vn } 

trben t^e t»r^t»e is 
T /= ir»y S in ^ and 
<*' = T'/X, = mg'-Zsin/? /W* 

“ g'si 


so 



Qut g 'sfn ^ « a 

«*'= 

Xn order *fclie penc/w/wm to point to tte center eP tjfc 

u>e require. or “l|r . Thus -/*/?. 

■*■ ^ 17“ ■* Tr> i n i> Pes . 


earth 


Pen od 


-?TT 
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w 


N f ^ Art £f\e horyyio/ £orc«s$ or* u»^t«/f ; ^ ftt ’°^ 

Art fcA-t •Tnc'ff r%*/ /•rcex > ««^ 
reft » 

TVxfcmf £»r^«e «J®et>£ u> heels at bfte. pa,r,b 

«r canhxci w»M £Ae r«a/ «« iauc. 


^M a +?/V 4 - 

/s/^ = £ /v^ - -£ Ma 


Pt r A/^ 3 0 ( d B ^ 4 * ^ *♦ /sec*" 


(\>) X-F a. * -<| fu/i^A (/ireeittn a.* .$ /• u* r» 3 
A/ a = iMj- ” -24-00 Us. 

Since A/, ■/■ /\4 — /Wg ^ ^ &0O lbs. 


Xh £/>e aec«/<raiin^ s^xfr>r»^ jjroxcepe .Tees Qrt 
©PPeef i v© J r ® y 1 &ct £« • r>a/ /?© tJ -CL 1Y%«/ p r©c w ex o nc/er 
tke fcor^\^©. 


X.* N^~ Ma-/ 

IX. I - I <*£/./* | “ L f * 

d& — M«/ — M^e J v 

T »“» X^lw, «(t 




Xn+ejtQ+mj tt«m rut t*>« ohiam 


\/ =• -^"<5 ,-j 

v -^rr ^ 


I££J 



•Hence -€Wc©*^sr L,C©s^- 5 L 
(a> precpsfi*n ra-fce ,'x . 


'T»r^4»* e^ua-f-i'ort akoo't'CNA: 

^/v c «^=(^L *) >Url ^U 

(• L *\w. fc «U = L s cos^ 


N - W 




(b) -CP «f© e/e va{or is accelcrais/ny e 4u>n a£ ra/e 3 j tl) err 

1 effec+w*" 3~ a 3 ”'3 ( ’* -> 

. _ J'M £ 


Top reverxex /£» iiirecT 1 ** 1 


v? recession 
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)£ZJ ftc 

S pole “ S 


e 


* R ewlien Ji e = T~~7T^ ~ ” 7 -2«X/? rac/ /s 




f?- - 6,37*/© m 


0^ 

-=^> » 3>5X/<i ^ /s 


s ^ a 

^ or —=- 


t 


ssjix/o 3 



V m.rti" V r.t + JiXr 


X* ro’toi-t’irjj jf^slevy^ vefoci^ 
\rus4o h4otneo\jx/y lies o.tc>r><^ "?\ 

\ i ■" ^ . A 


>1 


«bce 


to-L 


• Ia 

r r 


TU*te-f«&r« 


y . . 

meriiftl 


• A « A 

rr + r-©-^ 


I T?] TVe Corioii* £*rce is 

P ce ^* v5ix yf 

(a\ F 5 MJl v sin"X 

v # cor 

J1 S ?Tr rac ^/^°* - = 7,5 6 X ra.J/s 

?.6'-V,o* Vc/a* 
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v = SOv-i/l, - 9S Pi/sec 

Si'rt €o° ~ 0.2 CC 

^cor w ^AlJlVSifr'X __ Q.JLV Sth ~X 
w M 3 S 

F^ ev . ~ r/x > -Afc/s x (i»oojcaoo o)l^s 

3Q fl/s* 

9 C 1tx. 


(t) JL V V is c/»rec4«c/ ft(«n| yecfor e <!«)> 


eax*t. 

tU 

co r ie \us 

force a 

n ~blt * 

4 

r a «rr ix 

O^irecAec^ 

aU*3 

a 

-e 

j 

ie 'io ujq 

rc/ ^*Ae 

u>ex^ 


T^-e reactor* 

•force 

6h ^A 

e 'bro.ckx 

is c/ irec 4eV o pp 

oc /Ap/y —* 

^Aac/x 

are 

pus A e</ 

tax b 

«* bliC, 


/ 

IX 

pox A«c/ 

coex^: 





is g j ^ere » 

is -felie ctccefw«4«orr »£ ^e. 

I «>col l re-f-er ence frame.. 
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Usiny tlie 

law cos tbes f 



* 

Q 2 - ZQjt c os A 


a. - 

J2*R 

e coi > 



■ I. 1 

* Ca*R e ') 1 e«* , > - ^.JZ 1 

J.Oi 1 } 

Lei 

V * 

a* ff-A. 


Jl 

d 

0-» 

3. (> 


3« ( l-Ux-X*)cos‘l.)*' 



TV velecrj^f (/tpendeni 

•force is F = XV 

■Hex 


tV 

*fcV 


apparent change ir* 
hftrvwcl cornpa nd »i 


jravi-Jy is 

Eci ^** 



fa} foiji : 

JIXV 

p* mis 

V*q c//Q //y ewi 

-*> 

m 

= ajiv 

po inis 

fac/to^ jjjr 

TVre-£»r e 

9apparrni 

is o/ac reftks-e J. 


±3 L» ~ F ^c-£ w -aOiV' 

9 3 

^?7T few/ , . 

SL - _ = 7 .xtyc/o rad/s 

-?* hr* ' 
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v = 3e>e> mi Its //, r •» -3.9 4- £4?/s 

_ A a_ _ -Avi.af x/eT 5, rWA *39 4 £L/s 

9 ~ -—- 

3a ££ /s* 

= - /. 3 3 X/0~ 3 

(\>) IVei^i s 5i^n !« reverreo/. ^ ar "^/.SS y/^ ^ 

(c^ •S'ou-trfr : JZ «.*>«/ V are para//*/ . No e-Aan^e iW J 

• Aja lit ^ 4^ ®0 


LEI 


-fcUei-e i* 


h ro^aiiwy $<{£4frt 

a. racAa/ 'tree xxrd. 


P 


MrJEL* 


Tli« ierque e^oa-t-ion aijou f 

paihi 3. 



co&-& — M-£*-&■ 

M^ 3 ^* 4 M 3 -fsm-6’ ~-&■ JL* = © 

cohere. u^e have usec/ f * £s)rt& 



S<n^ > a»y 

O CO A*cA <‘x */e cyxiorhorr Ar $//Al 
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T’/*e soloi ion is 
f CoS 

t*?ke re to **■ lyTnF 

No4-e Hoi if S&> J meteor* is no Unjer harmonic 

Ths p*n«Mom -CKe* «*i o**/ ore illates <*b.ot J*om« 
«^;i.'Uium onjle . I Tfce $ih»*iion is rew» 'tnisccni of 
iKfi cortical f«n«/w/«w j ev®wpte A.?.} 
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Chapter ? 


HD 

F = -ky* ( ) + vcr) 

(*ff + ^rf-e-*) - # r 


d-fc 


V“ 


y“ 


/ • *• « « ^ \ e/i/ • 

err + rr^- J “ "3T lr 


4* - 


/* 


- • • 

Cr + r 


«.’) - Ad 


( £iy t. . ?.7«) 


farr-£ + r*-£-) = o 
^tc £ r-©* ■+ - 3 . f-©-) » o 


( e-jr, ?. 7 i) 






ucr d } * uc* 
r *• 




O 

16 r/ 




V'/' 8 *’ ^ * /* * — Soo 

r » - 3 ,£ C>n 
© 


W-3~ ( ■Per'*-- ~ 


a*. * 
r 


(crfrae+ive i 


mverxe 


cuL« *f©rc«3 


II cr} 

U eff 


.A. 

r* 

A 

* " r* 


^ur* 


Zf 7 “ O etnJ rqt/ia/ hieiten u A Jce 'fchctfc 

©P a. Pre« pe* reticle 3 


*« (^)*7S- 

ft- (^)' /a > 


P* - £■& - ( 5*) 4 ((& £ 

r # 


p er Pre« rtic/ia / Wi©"£(©n -fl££ 


c©r»x 




4 -• 


(i^'-tr(i-f) 
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\ 


3. 




} 


8 * 


£ 

v* 


F>r • slaLte 
p oien-h'a/ Tnvs^ ft* i^e a, 

Vn I f» I Mt/TV) r # . 

lienee U M C I* # ) > O 



0 


3jg 

r a 


U*Cr 0 ) * 


- 1 » (n+i) A 

r "n ta. 

* 0 k 


6 B 




6 


r 0 


=*»> nvi < 3 


W 


U*/, 


rc^w iV*jr 




\1£/ 


fa) 

E - 

Fof v««4i«r7 in a 

a kr # + *a >r» y ^ 

cites*! a r 

• rk‘,4 

ik<« *r»«f 3 n i<« 

^•r 

ey w»//irium ^ 

vn ✓ 3 
r- 

- kr 

-*■ E 

* a. ier 4 t-i'lsr *3 fcr* 

For 

And 

e» hz 3 - gW 

v= [Ip - _ 

1 ^ 

* * 

tT 

JT A//m 

Tier> 

r = r 2 «. 
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col* 



<u 

Tk-ft kleu> C A ounces tit# ■/■© ^0 / cnerj«j 

^ ^ D © ^ 

■fcl»e 

an^vlar Vnem^n'ku v» ©h cAi/fi 

p©£e>vt/a/. 

Tk* 

1 energy is 



* £ kr a •«• i- >«v a - Ar a - i^T 



9 


TU Av»«. I 

- *0 




is 

% 


/a.-*- aC xax/'* 


/3 J- 



/ *■ ^V e r # 

HflT * 

At iorv»»v>2 p*u»t ^ 2/^* ^1 

»kr*‘ii«^ Jt ~ e. 

• y.», I 


• rkti) 


r»i4-*o/ ^ 


ix3r 4 + ixaxf X —13 

■% r^i- * a % > ** / 3 
r^ 

r * - r__ 

r *■ * L ^ ± ifr^y ]*= i r?.<f5± tTwTtj 

r = i.ii'm ciT,J = 2. L tf '»> 
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u 








■UU.I «»erjj « AB ~ ( 

is G&b'S^ot’ii </orinj -piri^ 
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assuvnm^ tk«t*i -fck« Aririy Occurs Cfvlolc/jj . ( TAir fS 4tWe. 

(e r tlitf ae^i>«/ j lui n*^ ~th-u ® ^ec’/i’ poic n-A/o/. ) 


1/s m 3 Vp - V'; AV 

Ae « K* a vn(\A tAV) 4 - - yWv^*^/ ’+±rr>AV 


AE is a vnOKimuw token AV iJ |sara//e / Ao 
to ken V- IS K Vn« x / m w vo. T h -e. Sj oeec/ is 





a*%J 


ceretr/e-W 




/r»/Aci/ 

ant/ 

'Tina/ we - 

k*ve* 

- (SMytt _ 
Re 

= - 

Q M Yr» 

-Jr * vn v'/’ x />7 %. 


-1 * i 

'V* Re. - 

£ M 

Rc 

r 

•* £ s.n V , 

a 13 /v\ 

t-¥r 
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U>e Kokve. s i *fcAo "b 

a M 1 

-- % - -k ^ 

let * = -fc, 

“lx 3 - = -x+- srnV 
y^-^K •+- 3 t'n *<*. - o 

X ~ * L*~~ v tt-lsTH *-< ' 3 (x>© poSr^iwe rooi) 

X - / +■ V l-si‘n A “C — / +- c e» j ®c 

)itnc« \r"*- R e Cl + cos~c) 


Tk-e period o-T o ^e»4«ll'» + « c/tp-erx/x »k/j oh */4ff 
W>«|et <Xio x K« Pfetn £p*n. 7 . 30 > 

(v= 

T — 7f *j«oir.r * 7 C X 3. \GXfO * r ^ X/d <S 

M*-*vn = M $wrt ■=- ^%to° tj 

A- C ■** ( 3 , !^ / & y )* x^x//° x *-*7x/o" ,/ 'j'^ 3 s £twom 



vn trjm. 7*^*5 

*■„= i A O-e*i 

T„* « «-Vx/.'* J > r C/-ro.?frJ*^ 

Ulino ^ fr ^ ^ f / £ J p P * / 

T . * * 5: '^* X . “S 3 ) "= l. 8 *,e"m 

la) f «'.Ul..p = - 7 ^- = ifc -(?.<} X/e'V 
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Vi t li»n S 


JTS_ 

1-6 


033 


- ^iTx/o'Sn 


^ ~ f B ^4 G 

u> Viere JU \t fcfi* rec/ocec/ biftjrj » frl 

/ cevn.i 

At j>er^k«li»n VhvT 


tvv i n 


r * «• r vn a £ m 

>vnn ° 

v = / r e«=;M \ V* 

^ *v*in J 


& i «i 


»)Ci 


r . 

^••ri 


v - ( ^6r M \ __. f fry** 7*/o' , X2 %/f° \ ^ . * 

v r * / ^ A8 y✓ *" y ™ V/d h»y4 



F = 


-Pm a c.rc«Ur er-b'.i -Orte/« r on Q^/tq f/iVf 
C / u>« Aave 


>ru^ 



OR 


a. *n y 


£. s 

r 


* - t Mr) 


£ 


rce. 
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Work </•«« Lj friekon u - 4 W * "^ 7 Tr f » A F 


af = ( c/?^ At* 

Ar - ab/# 


-3TT 


rf 


* r 


A*tt r V 


O J>h eir«w|«r erk’t F» -K 

> 


AK “ - AB » + airrf 

f r v»c.k\#n feswl+j in *t/»e Sn4ell•4'* fpevc/inj <y» / 


tUD Kepi j fkir*/ Uuj s4*4e* T 


TT* 






M- 


_ jr5 _A_ _L 


<«. -rA. 




M Ym*jer a*ij * r *+ r . ~ l?Cll-lS3t ~ 3,£?/x/0i» 

4 waif H»in 

(19 >n’in - 7 ./4X/C S secmnt/n 


I 

G 


- ccytto 


'H 


** 7 3 X/O kj 


f?. I p 7/ 7\ / c= - J- __it _ (hM' 

I I -* * n«ra / s *- ■*. >^v -p 


l^r a eirco l«r orl»i£ 

J 

vnv/^ 

r " 

S M>ri 

r *- 

«.*</ k = - t —7.. = - 

-i- 

£ M yrt 

tct 

Aft a, -X 0 w ft e 
r K e r 
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to k«r-c 


W* Vnj * at ear tfcli surges, 


60 J? A = - i R e w f ) - - -fe I?e w 

f ,‘ -* R . W 


46* tf e W * ^ f?.W 


, _ * 3 

£ x y/t> x7,f 




“ 3. ? S’ X /C 


(h) n« irQv>sfer or4«i 
*p*j 


A an*/ ap»?ee ai 6. T/»e fe»n ivnet/or a>*V /S 


/x art e U ipso. to l ik ptrije* 

i 


A - r r. . 

a L 


H.-*. 

6'» 


«n«ry_y u 

S Wvn 1 

- gM> Q? « - 

A 

** 


e 

/ A 

\ 

-WK e V* . 

Ik_ 1 = 

V R e 

** J 

»r%«4*i«i/ xpetc/ 

«i A It 


*• 



* w * v *» * A “ -♦*<?.*»? 

v.« ^ 

TK« (in*/ «p«e</ A ii ^ivevr 

^a’*' 

^ + ^/? e ^e. 

»' - /vJ 
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V/«ne< 

AV^* ( Pts ' {71) V^ e3 - -Id? *-1.7 Yn! s - 850'm/s 

At tA# C\t\*l epeec/ is 

v f ' A* Ki m **%a 

Tl^e ihi^iq/ + i> 8 lS 

£.’**/ m c' -^ e - ♦ 

»;- 

9 

vice 

AV » (*~fc) Vf£7 w (^-o.K)x7.?x// » 1^0 m/s 

e 4 
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C\teipi«r 10 


\/o. / J . . _ 

1 ■ " ■ i ± x s •£> *T 

^Sin^f u>i)^ * 7 $ SiVuii 

Sm^x« aTO-cesa*) 

*4 ^ i 

^Sm c u»*tb V = $ £ / - cos3vui)«/i m (k+ ^7o SihJujrt.) I 

it 

-jfj- 

F^v* T m “ > Sir? ^wfitTj » Sfrt kloi, *\2ir) m Siry^LO^ 
<s.nW)>- *. ♦*, - ji^Acot, «-„)) ] - ■£ 

r*'^ T r*'* 1 " 

<imu>trc*, w -t> « 7= J s/frwtfftrwi./i * iV \ Sibwi 

a •*» F « 


t,+T 

±, 


to t a, 




*> + T 


j—<2.” ~y > u> ® -?Trroc//c«jcle X 3.cycles/sec ~ Wra.cf/s 

Y- ^~ d/s - *•*> s' 

U « y'-rn « <*• css s “' 

•<o - 

|c — Yrtw^s 0.3 y(^=i Jb7,.5 A//rrt 


1ZED 

Fie>r- o. c/oYwp'ec/ oscillator- 

*-*.;** 


s in cat 
© 


fen 


o cress in 




occur a 


£ to^i: *“ Oj 7T a -3T7*, ... T>7r 
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AA<*xi trvio. Octor (o))en 



2tres i#i e/*i Oeewr u» ken « 

<OSt «Vk 
s m co.-t ** 


X 

JJU4 


<< I 


i-c^ V■= w^b ahc/ /«■£ a. “Ac 

Tli«n c©sco e i • S/>7 7 * ■ ^ 

Si*n io 6 i a cosf° ® / 

cine/ c&aio^-fr ^ ^ «. / 

sihto 6 -t "" 9tt> © 



j/Q* V-l 

TAe Wio^rtrj ef 

•%£+ 

X « X 0 e * T 




anm«»ie 


Sl‘n <j0^t 


Ro.'fci • «P "bus o yyi CLyt i in a IS R ! 


»«ci//o+«r is 

-X-t 

*» ** € m uyfc, 

“ * 5 


* e e *s 


P*f £to # lfc A s 6o fc 'A | 1* ^"TT j Sir,to 4 ^» ~ 'T»Vr lo^*^ 


ir>c/ 


R 


= .-irk-O , e _ e-^r „ 


f R = ^ 

x = -n-K/o;. y- i^s 


.ea xir 


77 “ 


04 s" 1 v 5 


k 3 l^vn s 
less to t V>n a Ctt reic/Aec) 4 / 5 Aj 


*j « o./ A s /s 


» . o^ s”' 

** o. / «W«/Vn 

/.^r >v/ 
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Ell 

0ju<rhon rn*i#©-n is X ♦ ■* to*x m o 

ft>r If'* Qio p ^ X + ^?a> 0 jc u>j* X «o 

‘‘Take x «s £ A + 8t) c ^ ^ 83 (A + Bk ) e 

, . v - C0 0 f -u> ft ± 

x » - u> 0 ( A+e-i) e +■ B e 

V -lot - U, e't 

X - to* CA + Bt)e °- * S co 0 « 

* *-*co e x +uJ*x=- 

+ lo^ £ A+et) *] e*" 14,0 ^ s= o 


J-Hi+ift/ ct>tfJrkcns are. 
Xf«^ » o 
* Co^ - x /mrt 


Xlsinjj X® (A^6t^ e 
X £ *3 o ^ A ** o 

XCo}= T /rt! ^ 8* 

W«r>ce * w y?; t <= 



Cue 


I, 


ewe 


6o 


K/’eA 


IS VvjaXf nj UJI 7 « ' 




(«) 

X — o/«splacewieni ef port 'from 

e^wi U lar-iuwt position ©■F spnwy 

ft*i — vnass ©f pan 
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M* Y>i<ui • f 1) lock 


kx 6 - mg 

kx, =■ (rn+M) g 


kCx,- V # ^ »> /rA» A/tg 

k = ^ — /ox ?.P a ^ /V/m 

■» «./ 

$t) Tk* eyowAorr of Vvioiwn -/or « cri'f-tro//^ chy*p*o/ 
^teifkfor '•* frovrj A/oic. /£>.\ 

i * 

-iTf 

V =■ ^A + Bi)® A u>J>ere V == -?CiJ 0 

fJe>uo Ywe^oriy»j X 'frovn £v»>«/ jo/qce^ 


vf*i» A = A 

i(0» «/ * - + Sm^* J i „ 0 

>l«V»ee V 0 * A +-8 =* ~ jjL -». s 


M»Vn«KCq/ Koi /u«4 J 

^ co* - e ® * f-!i* * * ~ 

A = k = O. / m 


| 6 «v*s«ri^fj»r» •/' ho»nei)^o»»j «*»Aer> bf»*/c 

luff. t'.i't foh^eri/^ A«»>cJ 

MV - £ "mi /*M ) y^ 

"ij MV a ~ M ^ f/ u> ktre hf ~ c/is^^r»c& bloc/r "£b//s. 
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v„= V - * ~l)ax».STr* 

Since vnoiinn *5 </nu»Ti V 0 " “-3.6 im /fi 

A 

e* v 0 + = -*. * + i: * £>,/ x /F - -/ 7y»/s 

M«v>c< ro./- /.7U <r ?lfr W e4ers 


1^.7 f Fr#v« £“<jTx . ^ Wi eti’en *4* etrx 

«Sc« //q fcr un</«r «/rivir»y Area F *** F coiwi /X 


X “ A cos Cto£* 7 * ) 


u^kere. 




are 



J 


TA« V«loei4tf 

v » -» A to s if* + 7 °) 


For -tie ve|oe’i4^y ke. iti phase u> -A< 
toe r«<|v»V*e. -sin fu>i + 9 ? ) * cosuii 


bit* c/rtvirtj "forcc^ 


3m (u»£•* siViuji: cos ? ■* cestui »iV* ^ 

s,h r- -/ 

r - 

iran f m - ~o 



I ft it occur 9 uilieh ftjwtt) e 

•£re<jo-er>ey •£ £/i« ant/amp-c</ 

h*£" cempJe-f e/y ex^>ee4e</^ £»*• 
0Sci//o4©r <s tyuix/mum "for* 


/e 


ai “the. rf-Ce nance 
osc.if/a£or . This r esofb is 
bk t QMpIr/wa/e e/ ^/e Vri »/erj 
to sltf/rbbf less 
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^ p«n^w/uw> 

Uw^. Speec/ V* at «£ *4*r4s 4o 

su *\yvj up avit/ spc.ec/ a.r Wf 

rei u r T»e. 

XS*c. Uu i*t cucrjsj <c 
A. E » a M ( v’ v*\ 

6 t * 

hiei/ofi It ml £ ct 

J Q = A-c«^-»en. 

W«»c«. s 7r s -rr 

~ d2 

■» M f*,*- V*J » £ Mvf- 

(k-kHv^k) - ^ 



I 


€*yc/# ( 77 * rm</. ) Fy 

•/" «>»*rAii ^>« r rx/,ir,. 

k Mv . , ' 


*', '« c/ ~* *• ^ /«„. 
4V- v 0 ~y, £ ^V„ 


TV. 

r *^«ire/ i7r}pu/xc is 

jr ~ A 44 y - ^ Mv; 


T*»*ii’ort it yiVev. J>^ ■$• 

V * SS5 L& » u>^ t - ViT 1 ^ * n< / 



firjcoi 


> 


O) 8 







nvVJT’ 
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(b> The ckci^e in veleeV/tj •&** o- <>np«ife « 

4v m T£/fA . Wow ever, -"^Ate c^Avije in i* 

AE e a^A ^ vt 4v) 4 “ i M V 1 * Mv4W *• t M AV^ 

7*e p©, n * m c^c/e «*> A«re impv(re occurs 

Cftm Vor«f >««« Aq nt'etxf Impfr fee i/*n^ lor/ «r 

p/aj 'm "kke wec^cin'ixm *i> a*eer. To vniniwut* 

e/iAnjcX irr ^ ^ ^ /rv»yoo 

/^oo/</ occur* tuAea V ix e»n<^ni }m at- 2^/c, 
to #<*-«-» ©/ Xw»V»J. 


Pr..f : 

TiA-e on-ory s epuo-A/on * 

^ Mv J + ^ AC /-co«a) * 

vMJv *i* 3 L-e-cf-G- •© 

dv „ ok ^ 
d-d- /vT v 


six. w 




Co no, 


O *«> non 


TAe ener 3^ *^«tpnW ^jr » dantpoc/ ose/^oAor ^ 
eh€r^ converged As hf*A A(t r® £q r*d i wy 

Ap rce tv • 

Tate £Ae h#i(on tA* A® y’lven Ay V * A cox Ccoit P'J 
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The vel&c'rltf is **4eti 

V s — Au> Sir, (u>±+7>) 


"Tk^ power dissi paW is P =" V x t y 
P- tv 1 * loA*co* «,*r» a (co* + ?>) 

T4e average power cfissipoi*/ ^ W — ~k i A*co* 

Wevtcc Me avcroje enery^ *fos«'paW c/or-.V»j -2. ra^ait « 
AF= T y Mme * P/co * -£■ cohA* 


F^r a. liy h-b/tf c/am pec/ -oSc.if/a4or 


CO 


TAe 

Overage 

? - 

k k Jr* 

^ as 

± k A* 

Mence. 

F m 

Af 

p«>/o/ 

The 


CO* ~ 
a 


rn 


ts 


A ^ V 


Hi A^) ^^-hr, 


4 £ , J_ . js 

u* fa»t i * 


a Co 


k 


co 

■f -« 


cotijki efoals Hi « power <Jistipa4.fi/ Jj frtc4/en . if- 
Ut 4oe<| hi afesc^hd* o/isMnce 1 m ^/iwe V, 

■p=» MjL/t 


He «»er?«f /osi per re</ 


A£ 


7* 

PVa> 


per raor«« /x 


■He average x/orec/ «i>er^cf is ^ 


>n K 
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Tk* kmekto cir»J fso'i.eyt'tiQ./ ehfr^'iej «rre e^uo/ J 
"kk* -overe^e > <%n</ W * sC ***^ o>4ere 

o wjg to *~ 


• I r/w</< 


e. 


<? 

3 


4 



J- — — ^ 7- 

*• M L 1 


M g i. 


*>T 


Oft 

AT "tllC 


\)4ve. “hit c >i u>m« riea/ yo./o«s 

L " ^ in 


Tm s= 

/o- k 

M * 

P.3. kj 



Co — 

fl.1T ra^/£ 

*r = 

V/0* Sec. 


W« 


hce 


9 = 
<3 * 




77 <. enttrjtf cA-ive C-/e>*-/i a>»« <4y /X 

^ ~ L ® X £ JP >v» /s* X <3 >r» — y»o/ftc . 

T7*r-e/or« } £/« c/e>c& tocu ^ run o*>/^ Amor* a nr 

«u JX y • m / c ^4 ltfcrjf • 
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! >»«//( 

“T*K« an maw JL /$ 

F . = -**-* ^-* a ) - i^x, -X a i 

Tk« efuai(«n •/ Hta^lan. #> 

N^x, » -kx t - kcx,-Y^) - (, cie r x a ) 

£•**' Uf/jf * fir mow 

M X^« -kx^* kC*^-x t ) ~ Uic^ij 




^ ^“Wr«e#(nj cm © &4aitr 

M 1 *.'"**} " *- •** ^'f-«,) -iUjj-; j 


*•** if, - », -**. 

w i -• - 3k *,-*i>j. 


A</</i^ toe olrtain 


Le t 


M * 


*».= *,+ /*. 

--K. 


^ Tk-e % • "if on 

represen/e*/ iy cf # 

is < 

c/amp-ec/ a me/ 

6WI)^oq 

Hjf Vanishes 

Jst re pre-re*-A* 

/fee 

>n*/ien 

6o A <cA 


t»n o/itm 



* / • 

* vo/o«/e 

*> 

^5 

c 

0 

V 

N 

. 0 

* s 

c 

V 

'<e 

cue Yi ee </ /o 

express 

*/ aH ^ **. 

If? 4e-rn?f o/ if, 

f 

<**»</ 

2 • 
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X ( = a <(,) 


V' y = 


A± i B o ^ >*• X^-o 

Ai i=o jr 

14 *y> cm 

v «. = * ( i, +x*.' ) 
o m t Ci.'ia^ 




3a 




V. 


ce 


* *• 


• *>>- 

•'o 

u>e •f/nJ 

3 Cox co^ 

CO A 

to 

II 

0 

V 

anc/ 

3 * ** to*i 

>/- 


/4 - 


co 




A CO 


|a>, /a / <■«) 

fyuft#(en 

x ■*■ y x + *o* * 


•F a ^*rt* o^MAe/ oic///«/or / * r 


^/) 




Arct^ c/awp«/ C/ f/** /• r 

PVs 


if +y* +• uf’x m -%* c#,w ^ 


<*) 


k** x t 

t* 


a s»/v'f’tort 


m 

1 flh</ V a fe/o^dly 


d 
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b r-f t'-^w/n 


(■z'i a tie/ </«r.n .vijj X ( 


X„**i 


*«. ^ *« * ^ *c * > ( « + *'X„ + tc; 3 X ft * x' t ♦ /''*,•<■• Cc/*^ 


= F_ 

W 


C* S’ c*> 


^ ,h< * * c a Iff* Xa^ix^K 


ex 


0 


(t) kave X a * Acox£to£*-?0 cohere A *»></ ^ are guffft 

. tO.A.S". 


a - y * -y* 

Be f»* <o £ + C e ;>>, (u t 


A-er ■ 


to 




require **•* =- >TC «>*- 0 

X/0»e» BaB ^* Ac©s^-+ff»0 

- A tox/nr ^ - /3 y 4> C ux, 

F. 


XCe\ « o 

c 


Cc$ Ai reroMoce 

6*>« 0^] 

)/«»ve* S**© ^ 


a * % y 

^ =■ arc ien * 

• — A^ ^ 

- to. 


>>«?, Y 


K P 

" »*wr ^ 


f Y 
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C ho ptfif 11 


mm 

F“V*Yr» 

N- 


Ue analysis ®n 


iSvl 

c* 


OR 


p. 4 -SoJ sk'tf-L W -fringes 

V= c fW 


t*. 


Xf N is of* upper 

Ii*yii"L > 

V = C ll-gr^r 


2Ja»nj| AZ“ • Ol ^ 

- 7 . 

” SfX/O 1t7 j M ~rri 

\J *C r- -i 5.? Y/o? 

V -^x// 

— /, sx/e~ s c — 4-. S' x/d 3 m/.s 


The. speej af “tire ear irlt in o r \ot~b 


aroon 


J u 


e son «* 


_ ^77 x/.gX/<=>* m Aeor _ 3 t 6 X/ 0 * rn/ s 


3, /6 X/-0 




eet r 


M 


i cA -tlsort end Mer(«<|& upper hmrt u>as Srytoller "^han 


iriie speed e-T "f'Ae *A C( ro o r»c/ bu cl 


•fdt+or 


30 X/fl^ / Jhf'xto 3 


C.3 



r K-e 

it iwi-e 

Ar 

li'g /i£ 

to COTKI pltf 


- fogn</ 

■^rip 


-the. arvrx 

para. ((.« ( ^»o 

V 4 ctXr o w’im| 

•blia 


ve/aci 


of lijhl IS aJcfec/ vee-ter-Z/jf 
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is 


riV€TX L< 


T, “ 


A 

v 


C.-V 


* 3i,c _ ^ ^ _/_ 


C. 4 - V 4 


- Z )it\ 

H ~0^J 


TKe 


vnc. Co 


/e/e •£/>* c / 


; - v. 

C- 


^ * e n< 


^•/e <*>* 


m 


pep pehdieu/qr If iff 


T a. - 


t a. 


f n + < vt) j 


i 


m ,4 _ _ 

* ° f7~ v Vc* 


* a. 4- <: / 


* v 


*/c0 


Tli-e e^'£f< 


crenee in 


T - 

i 


— -2 


"ktVnc is 
%■('+£■) ~ 


4 o 


—) 
c* •/ 


Jf iL « apparel ij roio./ec/ ^ q rpix ape reverJeo/. 

Tire. chctnje in </^/ojy is 


At 


AT * 


'-T a ')- CT'-Tl) = T/---( Tj-T t ) 

* 4 ro*±£H/*£)]-* 4 ^^K/*±^)l 

-(^)£ 


Tlve Trm^e skif4 is -ihetc&r «. 

A/®" / V? 47" / * / AT | = 
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V 


{ TTg | Suppose be't/i ClrrVMS 

Viove •k\r\C Same res-t Umyblt ^ 
a.YtJ •bka’l’ in bUc experivntw^ 
tt»e /enj */■/».# Are ^A OiVxJ A. 



’ i YtreS 


b ro.ve trre -blre 4u*t 

x±\ 

c* J 


oir»u are 


~*B 

/ 

s ^T( 

•+t$) 
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c/i^erence 

iff b 4e 

^»mes if 



AT 

= T A“ t b ' 


--4 

) + ± 


Xt 

u>e Aalec 

■< 

<:/- 

&) 

^ h «/ 

-<.•< , 

AT 

- *-4f- 

-X±-\ i- -3 

»c*-J c 

e* 


a 

J 

AT 

• O + 

• rjtr Ot) 

* 





■A* er*J-er 

A/ere £j v»o- -Pru 

rye slii£4. 

Jbfn 

ce (■£)* 

* /o* 

4rL c 

h-exV 

^cr »tjx 

Ot) ^>6'\ 

Caere "kc® ■£ 

rv»a l( ^6 

U 

c/e/ec^ee/ 4v 

•6/i-e totc/tcjsen 

Me, 

r/«^ -txpe\ 

*iwtr>‘^. 







inmc g 

T * ^ 

Pew n. C + V 


-te q* o/ouj r>5"f rffciyn /J 


(a.} Jf ^/)« epparo^ur u "irhe stgha ( 'from 

A 6 o*»// s bouj a «A«wpe w Strive/ T^/mc 

T 


\v<r\ la i 


T - T = -^- - ^ ^ <4= £/+•-£*• ("¥") ^ ** ' * ’ ) 

Up ( Peu>n c “* C+i/ c ^ J 


» 3 


- 4 0 - £ *c*W--) 
4 ££) ■*■ ° •" o/<r (->f) ■ 


0>) 



^uppece ^()£ ejlrownt/ sto.~h ton 
Sends a fi^Ytal 

Sod’«//r «"t 'Zime ;rr 

pod4-(eTi ah J a i 




'll. ■tu-elve Aewrr /e-leir i 

i j j 



p os * "fieri 

3r. 

The 

e/ep»«c/ d/ »»e 0)1 c. 

CJ rowwc/ 


The 

itjnaU arrive a“£ */A« 

fa-he /L-lc, 

Q ^ 

T x = 

*T* -a -“• 



3 




V = 

-7- ^ 

jr efu 



Tho. 

• /(tptea/ "d/me »h *//fi 

fa /* jh /? 

if T = 71 - 7- 
b x 

1 8 ~ 

_ ^ _±1 
/jr a «- «• ~ 

-i— -. 

A 2 *- «- 
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TU 


e S€co >> 


d £ v>a / Cdr*/y b«f bit ^WfOo«*^ 


c c 


ir-C bkc £ modes 4. c/e4ec4c b/e 4t*v%« c/c/ajf 
upper /i yn i“t> &o 4fte /e /oc< 


/x 


<fT -blu 


v ^ 


ciXJ 


AS^u >y)md ’blycL'b £~ f 

tr hm/4ee/ 

4be s 

tU’,/4 -/ 4L 

dee. 4 s 4 / par "6 m 

/O '* y c*h</ 

£4 a 4 

1^4 e «/o prw/ 

•bime bc/xtueen 

Sty ha is ix 

4ours =* 4: 3-Z X/C^£^ 

4?lien 




rr ~ *+. -3.no 1 * //o'* * V.SX/o'** 

ohe/ 


to t^h "* S ^e ^^ *" ^ 9 X /O 

im e It a i/£. 


. C 3 x/ 6 *\* x +.sv/c'* 

V ^ --- = a *7 ->r, A 

a.* .3. ? x/d 7 


( jTn »rc/«r active ik’t* precision ^ /*£ *,«c*x.rcur^ 

■to ^ssu^tf ■£/,«*.* cJuftnce £• spacecraft 

k«us wo't c banged appr^cta |j/y • T'bts requires 4ba4 

■tu iime £*/«* o'** ^ V/T *<«■ spasecra&b 


- /o 


£ a r 

vj 


*«W p«.s*/-A<i-»r ie /<?** ^“ r " r * */«" w 

/’A pasWialr be kno^jn ±*> ^ preckon ~ 

££ - C f~r ** C./ rrr . SucA precis tart is posst 44e ^JT 
-PU use +£ co„tn«.-i Pe/y>/*»- trcucbinj J 
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//, S’ I 
TWc. i 

ivne ^° oreun^ ike 

tVvkr 4ero w»«-fer Co v n~te^ c Itf c /c VWS< 

is 


X- 


y 


i^M* 

3^. 

*- 

3J= 

c - 


c. 

6^kere 

c 

-p 

is 

u 

e-C loa^p 
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6*/ v //r c/\rccite>rr 

2rf -&/,* /s oai“»*7^^ ctlonjf 


Ue 

Loa-4-er^ 

err 
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fi** 



TU 

me itto 


c/ec/ k>/x« /s 


a 4 . i. 
c_ e 

to A«re. CT_ — — 

Tk« 


in 

iirne ix |i«en 

AT « 

TL —t = 


. - a _ - J2-4)7 

a i 


-tT+V ° 

AT - 

4-4 v 






7’Aenc-e ^"/c e IS 


A/ - P at 
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C Ka.p'ter \ 3 * 


pirn 

- --*■ -X -4- 

p= (hvVc*) * - 6**) -/.j£r 

*' = r^y-Kfc) 

*' - YU- ¥k) 

*k ™ «.« 

"X = M-*Wi -t= O s 
■X'= I ZSKH- =s m 
i* = /.4s £Z*1L±} » -/ y/*> 

3V/6 tf 

(l»^ X — l*vn ■£ = / S 

"X/® A45 ** -4.4 5 XV0^>ir» 

..asf y- 1^) = /.**, 

<fc) x =■ /. t- V/rm i» / * 

X 7 = /.A5*x (l.&yt/o *» d 

t' * usx O - £JL ) * /.as 0*04 

SX/O# 

(J) "X"■ /O ^m i = 3s 

X'- A35^/6 7 -3X/.#X//) » ZX//»n 
/.A3U- ) = O 


x* Ycxf + v-L') 

6%/0*= Y(€'X/o*+ 4 -c X 3X/^ ) 


136 




i= i*• 2- c - ) 

1-, 4- 4^| = /- 

*■ *c — ° 

V- = - 4; 

° 5' 


to "ifni 


l W clock moves te*U 
ai velocity V/ > aind ilne 
light "travel* tlio pa irh sh ou,)T». 


T i me of travel 


T = 



c*r*= «-(l*-(*?)*) 

= if 


c*-v* 


L I _ 

' tI7^7»7c a 




f»»ce 


f/— V*/e 4 > 


_ £Jz 

Since 7 T^-= e 


P^aTI 

ConsWer tke poire renioui i‘n S. 

After I Second, ike coordinates are. 

/ 

X = c cas-du 
«$'* csm-& e 
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Xn «Sf -t-Kc c©orc/ ir*a4*s are. 

X- Yfx'-hVt') •*’ Y (c*o?e^ +v) 

4 m if ' 

YCt'+ - Y (1+ % co ^) 




Xr, S' 
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lia/£ o-f 

roc/iQ^tor? i$ cm lift'd *n 
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a.'Xis y /c. //m/^sit/ Aj ^ i 
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/ ■*■ o 

& 
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> 

=«■» s /-*«■•■- l-ido 1 )* 
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< 
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n 

Cl -5x/6 y ) 
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Xn S 
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v,» v a 

» o.??c 


"* * 

Xn 

t wiovtnj 

8 j 

B 

g / s 

*!+■ Va. _ 



Ya 
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* 4 ”c £ 
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Let V* c(i-x) 


T'Aer* 


= 3 c(/-x) _ C (/-y) 

* /+<»-*>* a-*v-+y* “ / - Yf y a /^ 

“ C’Cl-x'i C J <- (y- V%.) + ( y- * a /*)* *] 
« cCi~x) Z i +y-y*/ SL -i:x a -+ £P(x s ) "J 
- c ( i-x*-* x a /a ) 

* c- £ /- x a /^.J 


For ^ ° 0 . 0 / 

y^ _ -S 

-%7 — Sx fO 

sfj » C (l-S*/Z S ) =r 0.797? 5 c 



£^>«ecf of r©c/ 
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l _ 
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ifi 
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Ftovn -fck e J iS cvsston «-T £A« l*oreh4a r^^ro.ci 
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(<*> V>'- V 

< 


f l“ v/c 
Tfv/cT 
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£mee >- °/* «*>♦ 

} ' - > T n+vJjT & > fi+avT* 

h-v/c 


"XC t+v/c} «/.©/ > 
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>'-> 




* >"e * 
tf«. 7 X«" y rr. 


Xto ^Ifr» 




* 

o 


**qT>& 
d > 




2.'*6.S‘€'X/0 


-y * 6.#5%/6 


-< 



v «■ C.PSX/O^'xSryt/lP SS Z.O6X/0"' H\/s 


Vstt?R»wD /-sc 


— «av. 
*> - o 


». /A x/g 
/ * v/ 0 ’ 


-a 

d.JSy/O 


T * -3? = *,13**0* S ~ 5.5* </«y-r 




V 


<vw* 


0 


v ♦- 

vwv n 


Let ^ref.w<nc^ in /at system te £ . An otrerver ©n Mirroh 
sees Ityki arrive «i Vj '« >, ] P/ly/c . 
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Tke c/«ree.+i»n e£ /ijb£ teverceo/. Oks«r/er «Vr /a£ 
hew Jets 14 * oi ^refuertey V* ®*>^ / f^^ 6, 

Tke qpperthi ilwrce tf /©c8-/ft/ be Amt/ mirror cine/ /x 
Ivievinj fewan/ hi trre r wi •M velocity W' (rela4-ive :fe> m'irrer) 


©kserver 

X -^VWVrv 

Source 


«-'-\AAA-X 

e^faieni Jevrec 


Tke velocity «£ tke apparent Xfcurc* Jeerr ^ -f/ e ofcerrer 

IS 4 bj "the velocity atfi/ttlert -£ t- tnu la ^ 


3V 


J + 


C* 


Vewe ^»e Peppier -shift of tf>e ctppa rent «x® u nr© /j given ^ 


V" - H 




J \ *e* T/c 

'/- V/c 


I 


3V/C „ 

i + vVc* 


I _ 3 v/ c. 
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* + & 


I +■ - 3JC 

7 * c* “T 
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Let 



iim* spent etf-f-sic/e glass 
Spent passing tKreoj 


tKreojft jitxs 



To *P»n c/ -tU ^/m« Ar 4U o-/' ^Mroo 

co insider ^(mo 'CveoA w system mov'tny glass. 


(a) Hjhi enters «t t / "’ <? X a m ° 

L\*\ lijkt /eaves «t ^ / * x i * D 


Jk UK s^ \igk4" enters ^ a *■ X 4 - o «n«/ leaves ai 

l- ^'"*1 ^ ^ 


TU (/(iUnee ^tave/s uskil-o joasstng £'/r*vgh (glass 


fat s t/s -/em 


X £ x^+v fi + h e" b) - D f 


£irtte tke t/Ls+anc-e 'ttavelecf in t?e« spece /V > 

t* (L-x t )/c + 1 , — •fe--y , -l' C i+ *-£) +v %(""*£) 

m -k- ♦ y -g- (n-i+ * c’ ■*■ "c"^jr^7£» tn-Mi-Jf-) 

t * "c" '*' ■£<"-* if&tf 
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^ Let ike Armfr Hvfc ike. 
door He ins-fohi Hie pole is insrc/e. 
The emcf pe’m+s of ike p*/e are. 
described fcy itoo evttils* 



From ike c/tscusstcry of dorenis 



Coni taed-toty **»e have 


V x b * s*/y 


Since V“‘» fl-Wc* * 

-t > 

AY)(/ 

ike 

po le 

in He karri. 

/V»io 

loo 

^ ai ike 

same eveni s 

hi O V 

mj 

loiikr ike. 

pole : 

*F = 

Wv, 

1 

} and f 

v- 



•i -follows iduii 

■(toyrx cl ceorc hna4e S'c^sdsm 

*a = * ( v * * A )-** k m y^-< 



Xn ike. ru»r>er£ s^sdem ike i<+>» ends of ik^ p./*. ^ 
not lie inside ai ike Same irtsdani; "from hij> po’mi 
of new e vcn i A occurs kefo re He ■feiY'Yner slvds ike. 
door, le£ jjs examine drde ’S/duaitorr Ihore c/ose/tj. 

From He funn«rx pomi vieWj a 1 / £ Ae 'jrt sdani ike 

door ts closedj ^ m ^g m ° j He runner observes ikai ike. 
"Tton i er\d o-f his po/t is ai xj^ * -^ a ^ ^ j ikai 

ii is proj' ec + i nj ikroojfr ike larw cu a//. )doiju o foes Hi wr 
evenTj r®U C ( look io ike T 0 |,im s coerdma-les arc 
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XV s * C x A ' ) - J 
■t c * VCt A ' + £x A ')- -?^^k 


^me-e ^>0, *A« former observes everr^ C •ecu ns a-fi^r 

"tlft. doot is «f/>ui . »S© "fck-e •{arYner at>e/ :fc^e p©/e vao/-f^r 

c y 

*h. ioko.se coorc/irift^e Xtpsietrr h l<e oseJ. 


oymc 


are 


oo-fcri ^ tJve bej: oan-£ te 'Settled fiiybil -bh 



6 j| iA , c 


w/oei'/y mJdr^tety ~/ortn\jh t 



'*-V 



Ta|c,nj t/itfexchitals* c-€ • &**<* ^e/ropp.nj J*»ktnpis) 

<V . ul±v v 

du= Ch-^ U 'Y^- Ju ' 


Co « at Is© kave 

d* ~ 1 ^ £«^+ «^) » K/i' £/* 


Dtvic/| 


"J> 


do — c/l/^ «L - l f. u'+VYc* ~1 

dt <**' yo^yUyjT^pj^ J 


Xh tesi -Travne. > w «' «, h( / u ' ■=> 0 

W« « - <*' ~y(i-g ) - -^5 
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jl^ > results a iAt Alii proA/cm ^ u>'i+/j 

-a/ * <7 e j an e/ c/en©4ir*y 4A« irtS'hiri 4cm coos velocity e-T 

■tire sk|p to ^Ae ini4m/ Te«-i fyf^ern b«^ v ^ toe have 

£ - «. f •- £)** 


£ Vfe 5 '* “ J> ' "•* 

C 

o /.- 


Diiry 


res« li 

V/c. 


0 -y*) 3/a - * V I ->a. 

v/ °- |V _ V , 

fT^ 7 P> l # “ YTr^i - V 


v - <*£ 




( 1 + ( 3 g£^) 


CO* 


© AAqii 


1*3. l3i 

Tke iime -(er iAe is 

T® 3X*.3x-0- = *.3 ^een« 


AT =r T ( Vl-Wc^ - I ) - X ( ill- -1 ) * ^ 




(ax 7 ^ * 

f ax-v*4)* 
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A» 

II 

AH* 

If 

IS 

A« ^ 
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* — 4^- [ AX 4 ”'? + V^4t^- C*4t^ 

+ xvpckk - «*£ AX 4 3 

4S^« - A^-A8 4 - ^ [ AtX* £l - ^ - 4** ( c*-v*) H 

4 S 3, at - Aij 3 * - 42 4 - AX'*— 
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V 


Chapter* 13 

EEB 

On a. s^sic-rrr mov'ir*j with the 
proVen j t4»e tjalawjf is vvievlnj* at 
SJ»e«</ V anc/ ha.y t-Ai'chness D® . 


TKe time t© trex versa the ga/a.*^ 


= S_ 

V 


Do 


ft 


^ ~ ^ V> 7 0 C A ' 


or 


y * 





Y>, « ci= /,t7x/o a \ C3 x a / /.trx/o >? = ^V-X/O f ev = f't'oMeV 

i 1 - -S 22 -, 2 - y C /e 

a.?*oc /o® 


D» /£>* /ijh-i jrearr * /0 S x SSX/0* X 3x// = 

T* as — o. ■* 3 X /6^ S' — it mirry/e^ 

1 / 0 ,e X 3 X/O r 


» 3.^1 

K= cy-Am^c** ( *y"i«v*/ c * ■') »".c* 

" ( 1 + ± -£x + (■fs) a ' ■»•■•• - / ) Vw.c^ 

K 9 * V* - *m.v* (-f-g) 

f ta« have oskJ ( • +~x) A m / - ^ X - £- £)(~ a*) ^ 3 
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"M-enc'C 



^or K C| * 0,9 > 3*0./ a.r> J c a * 0-J33 

K telec4ror,} » 6,9 X 0.5/ Me V 9 0.^50 Me V 
K £ j>r©4©n ^ — A? X Me V » ?4o Me V 


i' 3 . 3'1 

K» £-m c 3, = m^c 9, C Y—i) 

p* « vn 0 v Y 


- 


tnr> 6 c^*c/ ( Vi-Wc** 
yd 0 v Y a Jv 


) 


Yn c c 




js/a. 



3 


c/p“ m tvi.Wr -*• J ( Yj-vVc* ) 

* YYI.Wv* v wi/v C v^y) Y 9 /^ 

y 5 a . 

\T.dp = Yv>^vd\/i •*n t y 9 (v^<fv‘) * rYi<ydv (Y+^ y s ) 

“ ^eVc/v ^ ( J+ 1 -J^a ) 

= wi e v«/v K ( . *v«“ ) • Yn t vJv Y 3 ** JK 

c» 
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13, Sj 

Imtiallt, 

©-*■ 

V (m) 

f> * *n 


£ 53 me? y-\- AAc?' 


VmV i/ ** M # V P 
Ync 2 l/-*l\Ac a =» - 


mvK _ _ 




p /a » M # V P 
£ = M'c* P 


y_Vrrt 

Yvn+ tA 
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EED iH.-kici 


Final 



K== xvn 0 c‘ 

E d — vnc^t-m^ =r m 0 c a O'+i) 
m e v * P 



k- ** x-y-i 

O 

V - X + / 

j_ « i- 2 f ■= —L— 

1 c* (x-w)* 



f£*Pf 


Yn c -Jx^Sx # » w,'x/n 


£■—& ^ e c J Cxt-a) = tn/c^P 

*’ T 


Pwn/inj ^ 


IxMx 









"T”Vi e CM. ^r«mes yv»© ves to 4 k c. n jw U>T irfi 

V. TK< speeds of 4k«. p<Hr4cc(es ate. 
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v' - -V 
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v-V 

t-Xg 

I c*- 
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v-y - y - 


vV 
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V- -v- 1 
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- -v- o £ in^s 


T© J«4eirmme *4k«. c©rree4= 4ake irke fuwY£ v-^d 

AT = (/ *(/-£-£)) 

n« naja-Hv* iW 3>v« V- -y - at VequiW 


l-ence 


v- (t-Vi-wc*) 
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13 
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Itu+taf 


^tTia / 




Pi *; 


Conservation o-P NUm«r»4o>n > 
Ce/c - p 2 - -ft CftS *®- 
^/c « ft sin-d* 

Conservation of ^rterjtf | 

B t * Bi-Bp 



Cl) 


Cc,) 


(a) CKYtd 
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f-»^oar inj 

Si - i£« Pi +pr r J * - 

c , ~ 

P'roYn CC^ 


irxJ atkft'ivj v^icfc^ 
ft' 


Ce) 


/Smce £ni 0 c*)* > 6/i a*</ fe> jive 

#■ *„ % -***£-* Z' t £-fe£y~ 

zetG c +&i) **AP 0 Cf> t <+ e i ) 

e= £ a € Ttlfi - 0. c H/*lJL! 


&o+ &L 


I ^ *o/^- 




Vsmj ft® ■ < ^2^ > «*« o44a*iri ^ “f+*7/e- 
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(b) £ = b \ = b £>7\ - - ^ 
* E £*- 

_ -kf _ -(£-£,) - -i +5° 

> e ** l ^ 





v /c+< 
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(?.9iix/p 


-/£ 


- /» 
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-3 

43V* 10 _ 
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/. 
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(v.I'W v /cT /c> )(2B*!° ' - 

2 ox/° vv, 

*->s 
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i?. 02 0 A 




cusr ^ ^‘ |ar '■"'sWjir^'/c 

- /.Vx/0 3 W / 4 V , -«7PC ft,v JCipi) — ^.O^A/ 

3*>C- B IM/S 

r^v * G m e = ( 6 .* Xl# -" )tiU^o % 0 )a.C **> ) 

^ ~uir^T 

22- 13 r 

= 3,S'XI0 N — 6% IV t soUr 



? C/.vxtoV&trL _. ;. 2. Xio'^wx 

~ ^ fC. Gr f*\ 5 


153 



[iWT^I Assume b^b bU tyb “ refhcM bk. 

Spkece j* y/«/ 


p «. ^ Potutf* —- ^K./^ 


ex/6' 


7x/{> 6 A/ 


Ai eyoilitnum ^ F"— ! 


m - 


*.7 v/*T 6 


"7 *** j 

<r.<p >f * /y « €.£X/6 J 


hi » TT* r 

r - d*®-)’’* 

r l ^ 7 T/o J 


* c 4 n c »■/■ 


:ncrf-j - 9,7 jA 

, -S\' / 3 


/ 3X X/O \ ^/ 
( ¥-rrX a < *7 / ”"* ( 


-3 

3 ,?X/6 err, 


iiMl 


>**•* 


J f> 


|^ C cos f •* ^cos©- - (®) 

p f c siuf =Fsn© tb) 

F # +m 6 c^ a B+P^ *■ e ) 




(A (h) <?«** cot —£k- - cof ^ 

^*• easin'# (e) 

& yves 

(e.-e-f moc*) ’■ ■ p 2~ m (Pf 1 


d •/) 
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-Triset-f-irtj Cs$ t rj ho ^ /-e /c/<; 

nt^c^- + “ E^-^e^B cose 

+ C-jrfftP 

i;F Ci-cos-e) =• Ce 0 ~&) rv^c* 

£ I-COS-&) “ ( ^ - /) m 0 c.* t ' 

B a & c 

E “ O-eos©-) *• I ^9) 

■I^r»ff«r4-ii-»j C 3 ^ m*fo (eO ^Celcfs 


S„ 1 -cos-©- 
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l-coS© 
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H c4 


/a n $ 


£ fi 


»%c- 
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A. a. - O- (Mf C.)*-- a.Mp Sy 

r.K». ih c w rrAwe : 

( P» + P,.) * - ~ <■ M p+ c* 

SO (M p d J ^M P c J f= ( MfC'f+C M k ') ^ v V 

*, - *»«■ «•* (i * ) - ,35M * 1 ' (,+ *5w* ) 

« • ' zi MpC*" / 

* 

^-+ e" —^ e~ + ( e~ -*- ) 

(P,- Pa ) * = ( ft *P» 

(n^P*) 1 = C ►tneloo,®/) J 

" (^) * • ( €* ♦'» r fec)* = • (^<0* 

evaluate r. It. S. i« c *£"*** Pr+mc. : 

(pa+P+*rs)* ~-(3”ic*J 

)l ene , 3 m«£. + 6*>e*)* := ? 6r> e c) S 

c- _ 4 *.->> 7 .. c * =^Xtf.5‘/4<pK= ^ OH- hAeV 

G 55 f P = P^Pa 

P — Me(OD^ t) Pi = ( p; Oj O j i ^T* ^ 

= C - f a 0^ Oj i ) 
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Mc= C &,■+■ /c 
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t p> -*p, 
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•4* c) 
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“ P* ^ P»f 
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* -(M.,c) 
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Pa* 



At 

•bkresLol J j 

(fa * P* 

) 4 

' => ■ 

■ f M 3 ^ 

L * 

c 

P.** 

Pa* 

♦ ^p.Pj 

* ^ Pa + P+ ^ 



-Cm, 

c ) 3 

1 - (M.e ) 1 

- a. M,A4 a ) 

I'c* 

- 

- fM 3 ] 

2 *- 
C 


M3 + M* m M, fM a + ^/ C K 
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M,^+ Mi y =• C S\+tAz*- Q/e ) Z 


^M,M a C ) - * C M,+/Vi^) 


K, a M, C^ » 


M,-*-/** 
M 4 “ 


» 

■3 Me*- 

•4 



cm 

TK* in«fict / ^oup iMomenfwm i$ 

Me (0,0*0, tci 

The no/ f*°P >r>®me#>'A»*pi *S 
5l *> Cv o j0j 4C ) 

Ca> 6«j co nftrra'fteO ef m«me *Ae 

Qiudj ^4 / »»• me ri'f-uyn ^ m " ^V 


/a 04 ^ 


The tn erj«| o-P l£A e e-* A a ay it if 

*e * P e c 

“Hence. 

P e = YMf v C~lo J o J i ) 


yivc^t bjf 


ConX€trVa4(on a*P ftur Hi6rw<?0 ^ W y/c//p 

fv+f; 

NV „ C ©, Oj c c 3 = o, * C ^ + V )-I ^ 


copm«j 
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^Cncfc 




M 0 c ■ 

B 1(^ 

(c* vO 


AA» — 

* =» 




€' 

Vi-v Vc*- 


**=* 

fc*v)^ 

C 3 '- V ^ 

C +V 

~ c.-v' 

otnc/ 

V ” 

2Lf=i- < 




•Jf^+Z 




EEO 

For Wiener? along £Ae X axis J tAe ve/oc ‘t/jf is 

tl. a* Jr' ( ^ Oj £ C ) 




W«*«e «,= K** H 1^* i 

A /cm of 23 i'*** O- -g£) * <P«^ 
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1 1 Tl»e pUose of -tl>e leave is given tg f s 

Er\ i«rm* of a four vecf»l- k. = jztt C */>, O, o i 

■kke pVtare cam be wri#eh a* f 9 - £• r co kcre. 

jr is emplacement vector ^ Jr o, o, <c^) 

Cpl) 5 ir»ce ^ <x a iorenis invariant ^ Scalar) >'b f© flows 

tkafr P z =(x7r)* C xV>* « a.ft invariant . )/er»ee 

(T/ai r) a *j^(x x - We 5ftw« vex/o-e. ‘in «// 

fravnejr. fer ZiyAt^ X a *cV A /« fnmex, Xh «n«, 
Pra*ne^ i*P ^W»c > (f’/JTr)* * o # X-£ ^/lewx Wat 

y 4 - r>vj 2 ^ ,a - ^ /a P' c a - ■>'* *->'*) *•%«/ v**'=e 

irt all ■P*-a.v Y >es > «>s retiree/ -/or a /*jAt wave. tAw* 
e«nP iVms ^oi if, i* a -four- vector. 

a) a». Can tmm-ec Jia4cfjj •CvruJ We 

properil ex of #tr c*mpe nen-fs. From /#. 4f u>e 

nave 

v' * j' ( v- -5£-) 

Using p » e/71 cue o Wa#r» P^ f X*- *£) 

^ For a loave Wiovinj a./orvj We J ajvx^ 

k.^ V> i o ^ i H/e ) Jm We Vg'*' syr/etn^ We 

WW component is * 47r ; j/.£. ^ 
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